Introduction
The increase in power demand and high load density forces the power generation companies to increase their generation consumption. In order to provide more capacity margin to meet load demand, system loss minimization and voltage profile improvement technique are introduced. Capacitors placement is the most economical approach to reduce power losses in existing distribution system compared with other devices such as the active filters and renewable energy based photovoltaic system. The optimal location and sizing of capacitors will give a reasonable amount of investment cost which is beneficial to the users. The normal practice of capacitor installation is only used for power factor correction. Compensating reactive power at every load will result in high capital investment. Despite concentrating on reducing total loss, the harmonic level must also be considered as it is very sensitive to the variation of capacitance and inductance in the system.
Paul [1] determines the optimal location and sizing of shunt capacitor by applying sensitivity analysis. The analysis was done by calculating power loss index and loss sensitivity. Both parameters were obtained by totally compensate the positive reactive power at a bus and perform power flow solution. The location to install shunt capacitor is obtained based on tolerance of loss reduction. This analysis might be useful if the distribution system is large and complicated. Higher tolerance value will reduce the number of bus to be installed with shunt capacitor. Masoum et. al. [2] also applied sensitivity analysis with more complicated algorithm since it was done base on objective function and total harmonic distortion which is obtained by performing first derivative on reactive power, cost of capacitor and total reactive power. Reza Sirjani [3] solve the capacitor placement problem using the combined ant colony algorithm and the backward/forward sweep power flow method. The proposed method is difficult to be implemented for the three phase system due to complex data be analysed.
Capacitor Placement based Power Loss Index (PLI)
The application of power loss index is used to identify a suitable location for capacitor placement at every phase of each busbar which is suitable for an unbalanced electrical distribution system by repeatedly perform load flow when capacitor is individually installed at each potential capacitor location. In the first step, perform a base case load flow without capacitor placement to obtain the total loss of the base system. Then, the load flow solution is performed to calculate and record total power loss (P LT ) of the system when the capacitor is installed at a busbar by using equation (1) . The size of installed capacitor is determined based on power triangle which is to achieve 0.9 power factor.
The capacitor then disconnected from the current location and the procedure of installing capacitor and performing load flow is repeated until the end of busbar number. For each repeated number the total power loss is recorded which will be used to calculate the power loss index (PLI) using equation (2) . To select the preselected capacitor locations a tolerance value is justifiably determined based on the indexes to avoid selecting too many or too few locations.
Optimal Capacitor Placement and Sizing
In this paper the fitness equation was developed by modifying the objective function which is the total line loss (kW) and the total capacitor cost ($). The objective function and fitness function in this paper is shown in equation (3) and (4) respectively, where the cost coefficient for capacitor, is set at $3/kVAr while the cost coefficient for total power loss, is set at $0.168/kWh 
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In order to maintain the lagging state of the system, one of the constraints that must be considered is the size of installed capacitor must not exceed the inductive reactive power. This condition is shown in equation (5) .
The other constraints are the voltage magnitude limits and THD v limit since both parameters are sensitive to changes in reactive power in the system. This condition is shown in equation (6) and (7).
Ant Colony Optimization (ACO) Algorithm ACO algorithm is inspired by the behavior of real ant colonies used to solve combinatorial optimization problem where the details of the topology can be found in [4] . The number of ants in a population will travel in different sequence of nodes which will give an optimal value of the objective function. In the beginning of the initialization process, the number of ants is initialized where each ant placed at the first node of their tour. The sequences of the nodes are determined based on probability value in probabilistic action rule which is shown in equation (8). 
Where τ, s, r and u are represents the pheromone amount, next node to be visited, current node position and unvisited node respectively. The parameter which determines the relative importance of pheromone versus distance is represents by β while η is the inverse of the distance, 1/d. The parameter q o determines relative importance of the exploitation versus exploration condition. This is determined by the value of q randomly where (0 ≤ q ≤ 1). If (q ≤ q o ) the best tour will be determined based on exploitation mode and if (q ≥ q o ) the best tour will be determined based on exploration mode. Then the maximum distance for every ants tour (d max ) will be calculated by using equation (9) where di is a distance between two nodes. To relate the topology of ants tour and the capacitor size, equation (11) was used in order to generate capacitor size [5] .
where, : maximum distance for every ants tour
The calculated capacitor size will be installed, thus the load flow solution is performed to obtain the total loss of the system which will be used to calculate the fitness value for each ant. The ants that hold the best solution which is determined through fitness evaluation will enter the phase of global updating rule to update its amount of pheromone by using equation (12) and (13).
where, : pheromone decay parameter (0 < < 1) , : the inverse of ( i.e. −1 ) : the length of globally best tour, i.e. the total distance travelled by the best ant
Results and Discussion
In this study, the ACO technique was employed to determine the optimal capacitor placement and sizing for the IEEE 13-bus unbalanced electrical distribution system where the diagram of the system can be found in [6] . Table 1 explicate bus 671 has the highest index to show that when capacitor is placed at that bus, the total loss is the minimum compare when capacitors is installed at other buses. On the other hand, the zero index indicate either no capacitor is installed due to unavailable phases at particular buses, or when capacitor is installed, yield the total real power loss to become worst. The bus selected based on the average PLI value from 0.75 and above will be reasonable to improve the performance of ACO in the determination of optimal capacitors placement and sizing. Based on Table 1 , all of the phases of bus 671 are chosen by the proposed optimization algorithm to be installed with a total size of capacitor of 900 KVAr. The optimized locations are fewer than the preselected locations which contribute to lower cost of capacitors installation. In addition, the optimal solution of capacitor locations and sizing is able to satisfy all the operational constraints stated for the optimal capacitors placement and sizing problem. In Table 2 represents a different simulation study results to observe the effect to the system before and after the optimal placement and sizing of capacitor. Table 2 shows, the total real and reactive power losses of the system are reduced from the base system to 177.04kW and 337.35KVAr which equivalent to 26.73% and 26.92% respectively. The installed capacitors also can supply additional reactive power to the system and improve the power factor from 0.82 to 0.90 while reducing the total reactive power (kVAr) drawn from the supply up to 42.91% from the base case condition. This will directly improve the incoming transformer loading capacity (kVA). The simulation results also show that the maximum and minimum voltage magnitude, and the THD v obtained after optimization process are still within the limits. The cost of energy consumed is calculated based on assumption that the system will operate at constant loading for 6 hours per day,
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22 days per month for 1 year. From the results, it can be seen that the optimal capacitors placement and sizing is performed by the proposed ACO method will be saving up to 92,896.92 $/year which equivalent to 9.5%. 
Conclusion
Ant colony optimization has been proposed for solving optimal capacitor placement and sizing problems with the total line loss and total capacitor cost as the objective function. In this study, the developed ACO algorithm is capable to show better performance in terms of reducing the total real power loss in the unbalanced distribution system with a cheaper cost of energy consumption.
